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SEMICONDUCTOR DEVICE AND METHOD OF EABRICATING TEIE SAME 


BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

The present invention generally relates to a semiconductor device and a 
method of fabricating the same, and more particularly, to a semiconductor device, 
such as a semiconductor integrated circuit device, having Spin On Glass film (it is 
called hereinafter SOG film) that is suitable for multilevel interconnection 
10 structure to achieve high integration and a method of fabricating thereof 

This apphcation is a counterpart of Japanese patent application, Serial 
Number 192584/1999, filed November 7, 1999, the subject matter of which is 
incorporated herein by reference. 


15 DESCRIPTION OF THE RELATED ART 

In a multilevel interconnection technique of a semiconductor device, a 
mialtUevel interconnection structure can be obtained by forming an interlevel 
insulator between a lower wiring and an upper wiring, wherein the lower wiring is 
formed over a semiconductor substrate and the upper wiring is formed over the 
20 lower wiring. An integration of the semiconductor device can be improved by the 
mixltilevel interconnection structure. 

In general, an electrical junction part is formed in a contact hole which is 
provided in the interlevel insulator so as to expose an active region of the 
semiconductor substrate. 
25 There is a self-alignment contact technique to provide such contact hole. 

This self-alignment technique is executed by following steps. 

First, a pair of gate electrodes whose side surfaces and upper surfaces are 


covered with protection filmSj e.g., a silicon nitride film, is formed over a 
semiconductor substrate. 

Next, an interlevel insulator is formed over the entire surface of the 
semiconductor substrate so as to cover the gate electrodes and the protection films. 
5 Next, an etching mask having an opening is formed on a surface of the 

interlevel insulator so that the opening corresponds to an active region of the 
semiconductor substrate between the gate electrodes. 

Then, an etching process is executed by using the etching mask to form a 
contact hole extending fi:'om the active region to an upper surface of the interlevel 
10 insialator. At this time, since the protection films have a high etching-resistance 
characteristic against an etching gas, or the hke, the protection films are 
prevented from being etching. This means that the protection films fimction as an 
etching mask. 

In the self-alignment contact technique, even though the etching mask is 
15 formed on a position which is slightly different fi-om a desired position, the contact 
hole exposing the active region can be obtained because of a mask function of the 
protection film. 

However, an anisotropic etching is used for a selective etching process 
using the etching mask wherein the anisotropic etching is an etching that an 

20 etching rate in a direction horizontal is relatively smaller than the etching rate in 
a direction vertical. Therefore, when a large amount of mask misalignment occurs, 
there is a possibility that an area of the exposed active region become smaller than 
an area having a desired value. 

The reduction of the exposed active region causes an increase in the 

25 contact resistance between the exposed active region and a conductive part which 
is formed within the contact hole. This means also that electrical characteristics 
become uneven among contact holes. 


In order to overcome such problems mentioned above, an idea that an 
isotropic etching is used for the selective etching instead of the anisotropic etching 
may arise. However, when only the isotropic etching is simply applied to the 
selective etching to form the contact hole in the interlayer insulator, it is difficult to 
5 control the area of the exposed active region and the depth of the contact hole. This 
means that a required contact hole is not obtained. 

Another idea that both of the isotropic etching and the anisotropic etching 
is appKed to the selective etching may also arise. However, it is not realistic that 
the interlayer iasulator having single etching-resistance property is subjected to 
10 different Mnds of etching methods, i.e., the isotropic etching and the anisotropic 
etching. 

Consequently, there has been a need for a semiconductor device having 
improved electric characteristics and a method of fabricating the same. 

15 SUMMARY OF THE INVENTION 

It is an object of the present invention is to provide a semiconductor device 
and a method of fabricating the same that may improve electric characteristics 
among contact holes formed thereia. 

It is another object of the present invention is to provide a semiconductor 
20 device and a method of fabricating the same that may improve a moisture 
absorption property 

According to one aspect of the present invention, for achieving one or more 
of the above objects, there is provided a semiconductor device which includes a 
semiconductor substrate which has a major surface and a MOS transistor which 
25 has a gate and first and second diffijision regions and which is formed on the major 
surface. The semiconductor device also includes a laminated structure of a SOG 
layer, wherein the laminated structure is composed of a base layer and a surface 
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layer formed on the base layer and is formed over the MOS transistor and wherein 

the surface layer is denser than the base layer. 

According to another aspect of the present invention^ for achieving one or 

more of the above objects, there is provided a method of fabricating a 
5 semiconductor device which includes forming a SOG layer over a MOS transistor 

formed on a semiconductor substrate; converting a surface portion of the SOG 

layer into to a dense layer which is denser than a bottom portion of the SOG layer; 

removing a first portion of the dense layer to expose a surface of the bottom portion 

of the SOG layer by a first etching; removing a second portion which corresponds 
10 to the exposed surface of the bottom portion of the SOG layer to expose a diffusion 

region of the MOS transistor by a second etching; and forming a conductive 

material within a space in which the first and second portions are removed. 

The above and further objects and novel featxires of the invention wiE 

more fuUy appear irom the following detailed description, appended claims and 
15 the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 (a) through Fig. 1 (c) are cross sectional views showing a 
semiconductor device according to a first preferred embodiment of the present 
20 invention. 

Fig. 2 (a) is a cross sectional view showing a semiconductor device 
according to a second preferred embodiment of the present invention. 

Fig. 3 (a) through Pig. 3 (c) are cross sectional views showing a 
semiconductor device according to a third preferred embodiment of the present 
25 invention. 

Fig. 4 is a schematic cross sectional view of Fig. 3 (c). 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODMENIS 


FirBt preferred embodiment 

A semiconductor device according to preferred embodiment of the present 
5 invention will be explained hereinafter with reference to figures. In order to 
simplify explanations, like elements are given like or corresponding reference 
numerals through this specification and figures. Dual explanations of the same 
elements are avoided. 

Fig. 1 (a) through Pig, 1 (c) are cross sectional views showing a 
10 semiconductor device according to a first preferred embodiment of the present 
invention. 

Eig. 1 shows an example in which a SOG film substantially composed of 
two layers (The SOG film is also called hereinafter a lamination structure) is 
applied to a self-alignment contact technique. Fig. 1 includes fabrication steps for 
15 fabricating MOS transistors. 

As shown in Fig. 1 (a), an element isolation region 11 made of a field oxide 
is formed on a semiconductor substrate 10, e.g., a semiconductor material such as 
silicon, by using, for example, LOCOS (Local oxidation of silicon) technique. This 
element isolation region 11 defines active regions 12 on which active elements 
20 such as transistor or passive elements such as resistor are formed. 

A pair of gate electrodes 14 is formed over the active region 12 through 
gate oxide films 13, and the gate electrodes 14 are arranged apart fi*om each other, 
Protective films 15 (15a and 15b) made of silicon nitride are formed on upper and 
side surfaces of the gate electrodes 14. Such this structure is weU known as the 
25 conventional self-alignment contact technique. 

Impurity regions 16 served as source or drain regions are formed on the 
active region 12 adjacent to the gate electrodes 14. The impurity regions 16 are 


formed by using an ion implantation technique. At this time, the protective films 
15 function as an ion implantation mask. Furthermore, mask oxide films 17 are 
utilized in this ion implantation technique to prevent the active region 12 from 
being damaged due to the ion implanting. Such mask oxide film 17 is well known 
5 in this technical field The mask oxide films 17 are removed by using etchant after 
the impurity regions 16 are formed. In this embodiment, the etchant containing 
hydrofluoric acid which have concentration of 0.3 percent is used. The hydrofluoric 
acid IS the principal ingredient in the etchant. 

Next, as shown in Pig. 1 (b), the mask oxide films 17 are removed. Then, a 
10 SOG film 18 (18a and 18b) is formed over the entire surface including the element 
isolation region 11, the active region 12, the gate electrodes 14, and protect films 
15. 

The SOG film 18 is formed by carrying out following steps. First, a silicon 
compoxmd is dissolved in an organic solvent to obtain a SOG solution. Next, the 

15 obtained SOG solution is coated on the entire surface. Then, the coated SOG 
solution is baked and thus the SOG film 18 is finally obtained. Since the SOG film 
18 is introduced as the interlayer insulator, the interlayer insulator having a 
planarized surface can be obtained even though step portions such as the gate 
electrodes 14 and the protect film 15 (15a and 15b) exist in the interlayer insulator. 

20 Therefore, upper wirings can be patterned on the SOG film 18 accurately without 
considering an error in a photolithography process, a break of wiring, or the like 
due to an uneven surface of the interlayer insulator. 

Next, an ion such as Ar ion is implanted into the surface of the SOG film 
18 and a portion adjacent to the surface of the SOG film 18 before providing a 

25 contact hole to expose the impurity region 16 located between the gate electrodes 
14. Thus, the ion-implanted portion of the SOG film 18 is converted into a dense 
layer 18b. As a result, the laminated structure composed of a base layer 18a of ion 


non-implanted and a sirface layer 18b (the dense layer) which is denser than the 
base layer 18a is firLaLy obtained. 

Such this ion implantation for obtaining the laminated structure of the 
SOG film is described in Japanese Laid Open Patent Number 69562/1997, 
5 published March 11, 1997 in Japan, The pubhcation states that the reason why 
the dense layer is formed by ion implantation in the SOG film. In the publication, 
the reason is that organic compositions in the SOG film 18 are decomposed, and 
moisture and hydroxyl group in the SOG film 18 are decreased because of the ion 
implantation. Therefore, the ion which is used to obtain the dense layer in the 

10 SOG film 18 may be not only the argon but also a variety of ions. For example, an 
ion of fluoride such as silicon fluoride and boron fluoride, a boron ion, an nitrogen 
ion, an inert gas ion, any one of ions such as Dlb element ion, IVb element ion, Vb 
element ion, VIb element ion, Wb element ion, IVa element ion, and Va element 
ion, or an ion of a compound made up of any xnixture of at least two kinds of 

15 elements selected fi^-omlllb element, Nh element, Vb element, VIb element, YDb 
element, IVa element, and Va element may be used in the ion implantation. That 
is, what kind of ions is used in the ion implantation depends on a process. 

It is easy to control depth of ions to be implanted into the SOG film 18. 
Furthermore, this control is more accurate than a thermal diffusion technique. 

20 Consequently, the surface layer 18b having a desired thickness can be formed by 
controlling ion implantation energy. Since the surface layer 18b is denser than the 
base layer 18a, the surface layer 18b has higher etching-resistance. 

Next, as illustrated in Figl (b), a resist pattern 19 is formed on the surface 
layer 18b to carry out an etching process which utilizes the etching-resistance. The 

25 resist pattern 19 can be formed by a photolithography technique well known as a 
conventional technique. 

The resist pattern 19 has an opening 19a provided on the surface of the 


surface layer 18b. The opening 19a is not located right above the impurity region 
16a. That is, the opening 19a is shifted in the direction of the left against the 
impurity region 16a as illustrated in Fig. 1. (b). An amount of this shift is relatively 
large. Purst, ia spite of this shift, in order to obtain a contact hole exposing the 
5 impurity region 16a, a first etching hole 20a which extends from the surface of the 
surface layer 18b to the surface of the base layer 18a is formed in the surface layer 
18b by using a dry etching process having an anisotropic property. 

In this dry etching process for obtaining the first etching hole 29a, reactive 
gas such as C3F3, CCI4, Ar, and the like are used. The protect film 15 (15a and 15b) 

10 made of silicon nitride has a higher etching rate to the etching gas than that of the 
dense surface layer 18b. This means that an etching selective rate is high. 
Therefore, the surface film 18b can be etched without providing any large damage 
to the protect film 15 because of the high etching selective rate. 

Furthermore, such the etching gas described above has the anisotropic 

15 property to the dense surface layer 18b. Consequently, the first etching hole 20a, 
which corresponds to the opening 19a, can be formed within the surface layer 18b 
accurately by usiag the selective etching process that the anisotropic dry etching 
uses the resist pattern 19 as the etching mask. The first etching hole 20a may 
extend in the base layer 18a unless penetrating through the base layer 18a. 

20 After the etching hole 20a is formed, an exposed surface of the base layer 

18a is subjected to an etchant such as hydrogen fluoride. The base layer 18a, the 
surface layer 18b, and the protect film 15 (15a and 15b) have etching rates to the 
etchant in that order. For, example, an etching rate of the hydrogen fluoride 
having concentration of 5% to the base layer 18a and an etching rate of the 

25 hydrogen fluoride having concentration of 5% to the surface layer 18b are 3000-- 
4000A/min and SOO-^SSOA/min, respectively. An etching rate of the hydrogen 
fluoride having concentration of 5% to the protect film 15 is not more than that of 


the base layer 18b. Therefore, a second etching hole 20b can be formed at a 
position which extends from the first etching hole 20aj which is located at the base 
layer 18a, and which is located between the side walls 15a and 15b by a wet 
etching piwess using such the etchant At this time, the surface layer 18b and the 
5 protect film 15 (15a and 15b) are prevented from being damaged. 

Furthermore, since the etchant has an isotropic property to the base layer 
18a and the side walls 15a and 15b function as a mask which is often used in the 
self-aHgnment technique, a portion of the base layer 18a between the side walls 
15a and 15b can be removed properly by the etchant having the isotropic property. 

10 Therefore, even though the opening 19a is slightly shifted to the 

horizontal direction with respect to the impurity region 16a to be exposed, e.g., the 
left direction in Mg. 1 (b), the impurity region 16a can be exposed by the second 
etching hole 20b so that its exposed surface has a desired area. That is, an etching 
hole 20 which exposes the desired area of the impurity region 16a can be formed 

15 by using the first etching hole 20a and the second etching hole 20b extending £mm 
the first etching hole 20a. Such this etching hole 20 is also called "a contact hole". 

Next, as shown in Pig. 1 (c), a conductive part 21, which is weU known, is 
formed within the etching hole 20. As described above, the etching hole 19a can 
expose the desired area in the impurity region 16a even though the shift between 

20 the position of the opening 19a and the position of the impurity region 16a occurs. 
Therefore, it is possible to prevent the contact area between the conductive part 21 
and the impurity region 16a from being reduced and from being uneven in entire 
surface of the semiconductor substrate 10 in spite of this shift. 

A MOS transistor having the gate electrode 14 and a pair of impurity 

25 regions 16 and 16a formed on the side surfaces of the gate electrode 14 can be 
controlled a channel, which occurs below the gate electrode 14 and between the 
impurity regions 16 and 16a, by controlling a voltage applied to the gate electrode 


14. This is well known as a conventional technique. 

In such this MOS transistor, a channel current controfled by the gate 
voltage flows into the conductive part 21. At this time, since the contact resistance 
between the conductive part 21 and the impurity region 16 can be set at 
5 substantially the same value on the entire semiconductor substrate 10, the uneven 
electric characteristics of the MOS transistors due to the uneven contact resistance 
can be improved. 

Second preferred embodiment 

10 A semiconductor device according to a second preferred embodiment of 

the present invention will be explained hereinafter with reference to Fig. 2. 

Fig. 2 shows an example in which the laminated structure of the present 
invention is appKed to a semiconductor memoiy device such as a DRAM. 

As shown in Fig. % the impurity regions 16 are formed on the active 

15 region 12 between gate electrodes 14 and formed on the active region 12 outside of 
the gate electrodes 14. AMOS transistor which fimctions as a switching element is 
composed of the gate electrode 14 and a pair of impurity regions 16 which is 
positioned on both sides of the gate electrode 14, In Fig, 2, two MOS transistors 
share one impurity region 16a, A memory cell is made up of the MOS transistor 

20 having the gate electrode 14, the impurity region 16a, and the impurity region 16 
and a capacitor associated with the impurity region 16. 

The SOG film 18 having the laminated structure (18a and 18b) which is 
the same as that of the first preferred embodiment is formed over the gate 
electrodes 14 so as to cover the gate electrodes 14. The conductive part 12 as a bit 

25 line is formed between the gate electrodes 14. The conductive part 12 is the same 
as that of the first preferred embodiment. The two memory cells share conductive 
part 12. The conductive part 12 as the bit Kne can be formed in the same manner 

10 
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as explained in Fig, 1 (a) through Fig 1 (c). 

After that, as shown in Pig. 2, an interlevel insulator 22 made of CVD 
silicon oxide film is formed on the conductive part 21 and the SOG film 18. 

Etching holes 23 which go through the interlevel insulator 22 and the 
5 SOG film 18 are formed in the interlevel insulator 22 and the SOG film 18 to 
expose the impurity regions 16. In the formation of the etching hole 23, the 
interlevel insulator 22 and the surface layer 18b are subjected to a selective 
etching process similar to that of the first preferred embodiment, which is the dry 
etching process having the anisotropic property. First etching holes 23a 
10 corresponding to an etching mask 19 of a resist pattern (not shown) are formed 
within the interlevel insulator 22 and the sm^ace layer 18b by the dry etching 
process. This process is similar to that of the first preferred embodiment. 

After forming the first etching holes 23a, the etching process is applied to 
the base layer 18a formed under the sinface layer 18b of the SOG film 18 in the 
15 laminated structure. 

The wet etching having the isotropic property is used in. the etching 
process of the base layer 18a, wherein the etching process is substantially the 
same manner of the first preferred embodiment. 

In this wet etching process, the element isolation region 11 of silicon 
20 dioxide film (thermal oxidation film) only has an etching rate which is equal to or 
slightly larger than that of the surface layer 18b, 

Therefore, second etching holes 23b which expose the impurity regions 16 
between the side walls 15a and the element isolation regions 11 are formed within 
the base layer 18a by the wet etching process. The second etching holes 23b are 
25 cavities having relatively large capacity. 

Conductive parts 24 as a storage electrode of the capacitor are formed on 
side surfaces of the etching hole 23, wherein the side surfaces are defined by the 
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first etx;hing hole 23a and the second etching hole 23b. 

In the second preferred embodiment, both of the dry etching process 
having the anisotropic property to the surface layer 18b and the wet etching 
process having the isotropic property to the base layer 18a are used for forming the 
5 etching hole 20 in which the conductive part 21 as the bit line is provided and for 
forming the etching hole 23 in which the conductive part 24 as storage electrode of 
the capacitor is provided. 

The etching hole 20 for the conductive part 21 and the etching hole 23 for 
the conductive part 24 which expose desired area in the active region 12 (the 
10 impurity regions 16 and 16a) can be formed by using this two steps etching even 
though the mask shift occurs or the mask pattern has a circular shape or a 
rectangular shape. 

In the present invention, the contact resistance between the bit lines and 
the impurity regions can be almost even in all of the contacts. Also the contact 
15 resistance between the storage electrodes and the iinpurity regions can be almost 
even in all of the contacts. Therefore, DRAM having fine electric characteristics 
can be fabricated easily. 

Using the hydrofluoric acid in the wet etching process having the isotropic 
property, and the protect film 15 (15a and 15b) is made of silicon nitride are shown 
20 as an example. However, any etching acid having the isotropic property other than 
the hydrofluoric acid may be used instead. Any kind of materials which has a 
etching rate lower than that of the base layer 18a can be used as the protect film 
15. These etching rates depend on the etching acid used in the wet etching process. 

In the first and second preferred embodiments, utilizing the difference 
25 between the density of the base layer of the SOG film and the density of the 
siuface layer of the SOG layer is explained as an example. In a third preferred 
embodiment of the present invention explained hereinafter, utilizing the difference 
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between a coefficient of moisture absoiption of the base layer in the SOG film and 
a coefficient of moisture absorption of the surface layer in the SOG film will be 
explained as an example. 


5 Third preferred embodiment 

A semiconductor device according to a third preferred embodiment of the 
present invention will be explained hereinafter with reference to Fig. 3 (a) through 
Fig. 3(C) and Pig. 4. 

Fig, 3 (a) through Fig. 3 (c) show an example in which the laminated 
10 structure of the present invention is applied to a semiconductor device such as a 
semiconductor memoiy. Fig. 4 is a schematic cross sectional view of Fig. 3 (c). 

A redundant circuit having a redundant memory ceU which is substituted 
for a defective memory cell is provided in the semiconductor device such as DRAM. 
A selecting circuit for carrying out a substitution operation (it is also called a 
15 replacing operation) that the redundant memory cell is substituted for the 
defective memory cell is also incorporated in the semiconductor device. Laser 
brown fuses are incorporated in this selecting circuit. The substitution operation is 
achieved by blowing the laser blown fuses. 

Kg. 3 (a) through Pig. 3 (c) show fabrication steps of the semiconductor 
20 device in which the laser blown fuses for the redundant circmt are incorporated. 

Eeferring to Fig. 3 (a), the laser blown ftises 32 for the redundant circuit 
are formed over a semiconductor substrate 30 through an insulator 31, The 
insulator 31 is made of silicon oxide film formed by using, for example, a CVD 
method. The fuse 32 is preferably made of tungsten siUcide layer having 150 nm in 
25 thickness. 

An insulator 33 which is made of silicon oxide film is formed on the fiises 
32 and the insulator 31 so as to cover the fuses 32. 
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A tungsten layer having 500 nm in thickness is deposited on the insulator 
33 by using the CVD method. Photolithography and etching are applied to the 
deposited tungsten layer. Thus, wirings for selecting circuit, wirings for bit lines, or 
the like are obtained. Furthermore, a dummy layer 34 is obtained by the deposited 
5 tungsten layer. As illustrated in Fig. 4, the dummy layer 34 has a frame shape and 
is formed on the insulator 33 so as to surround a region where the fuses 32 are 
located. The dummy layer 34 prevents moisture from being introducing into an 
internal circuit of the semiconductor device. 

A SOG layer 35 which relates to the present invention is formed over the 

10 wirings including fuses 32, An insulator 36 which has 500 nm in thickness and 
covers the dummy layer 34 is farmed on the insulator 33 and the dummy layer 34 
in order to improve degree of adhesion between the SOG layer 35 and the dummy 
layer 34. The insulator 36 is formed by using plasma CVD method. 

After forming the insulator 36, the SOG film 35 covering the dummy 

15 layer 34 and the insulator 36 is obtained by following manner First, a siHcon 
compound is dissolved in an organic solvent to obtain a SOG solution. Next, the 
obtained SOG solution is coated on the entire surface. Then, the coated SOG 
solution is baked at about 300 V and thus the SOG film 35 is finally obtained. 
The SOG layer 35 has a relatively high coefficient of moisture absorption. 

20 After that, the surface of the SOG layer 35 is subject to the ion 

implantation as explained above. The surface of the SOG film 35 located above the 
dummy layer 34 is converted into a surface layer 35b as a dense layer The surface 
layer 35b is relatively denser than a base layer located under the surface layer 35a. 
As a result, as illustrated in Fig. 3 (b), the SOG film 35 is converted into the 

25 laminated structiore which is composed of the surface layer 35b as a denser layer 
and the base layer 35a having relatively higher moisture absorption property than 
the sxnface layer 35b. 
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The sinface layer 35b located above the dummy layer 34 and the dummy 
layer 34 fonction as a dam for preventing moistm-e from passing therethrough. 

Next, the insulator 37 and a cover film 38 as explained hereinafter, each of 
which has a coefficient of moistiore absorption relatively lower than that of the 
5 SOG layer 35, are formed over the insulator 37 and the cover film 38. 

When the SOG film 35 having the relatively high moisture absorption 
property exists between the top surface of the dummy layer 34 and the insulator 
37, such the SOG film 35 may act as a path through which the moisture passes. In 
the conventional technique, such the SOG film 35 located between the top surface 
10 of the dummy layer 34 and the insiolator 37 is removed by etching back the entire 
surface of the SOG film 35 to overcome the moisture passing problem. Then, the 
insulator 37 and the cover film 38 are formed over the etched surface of the SOG 
film 35. 

In this preferred embodiment of the invention, the insulator 37 and the 
15 cover film 38 can be formed over the surface layer 35b of the SOG film 35 without 
etchiQg back the SOG film 35. 

The insulator 37 is made of, for example, a plasma oxide film having 
about 400 nm in thickness and can be formed by using the plasma CVD method. 
The cover film 38 has about 1000 nm in thickness as well known in this technical 
20 field and can be formed by using the CVD method. 

Contact holes which expose surfaces of wirings located under 
corresponding contact holes are formed within the insidator 37. (not shown in Big. 
3 (a) through Pig. 3 (c) and Fig. 4) Conductive parts are formed within the 
corresponding contact holes. 
25 Next, after forming the insulator 37 and the cover film 38, an opening 39 

extending from the surface of the cover film 38 to a position adjacent to the fiises 
32 is formed by using a selective etching process. The opening 39 functions as a 


laser blow window for blowing the fuses 32. Thus, blowing the fuses 32 by the 

laser beam can be achieved easily. 

The SOG film 35 of relatively high moisture absorption property are 
exposed at edges of the opening 39 due to the formation of the opening 39. 
However, since the coefficient of the moisture absorption of the surface layer 35b 
located on the top surface of the dummy layer 34 is reduced by the ion 
implantation, both of the surface layer 35b and the dummy layer 34 fimction as 
the effective dam against the moisture which is entered into the semiconductor 
device at the edges of the opening 39. Therefore, a moisture cutting off structure 
accurately functioning as the dam can be obtained without etching back the SOG 
film. 

In the third preferred embodiment of the present invention, applying the 
moisture cutting off structure which is comprised of the laminated structure and 
the dummy layer to the redimdant circuit of the memory device is explained. 
However, the moistm-e cutting off structure of the present invention can be appHed 
to any moisture cutting off structures, for example, an opening associated with a 
grid line, an edge portion of a semiconductor chip having a multilevel wiring 

structure, or the like. 

While the preferred form of the present invention has been described, it is 
to be understood that modifications will be apparent to those skilled in the art 
without departing fi^om the spirit of the invention. The scope of the invention is to 
be determined solely by the following claims. 
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What is claimed is: 


1. A semiconductor device comprising; 

a semiconductor substrate which has a major surface; 
5 a MOS transistor which has a gate and first and second difi6asion regions 

and which is formed on the major surface; and 

a laminated structure of a SOG layer, said laminated structure being 
composed of a base layer and a surface layer formed on the base layer and being 
formed over said MOS transistor; the surface layer being denser than the base 
10 layer. 

2. A semiconductor device as set forth claim 1, wherein the laminated 
structure has a first contact hole defined therein, the first contact hole exposing 
the first diffusion region of said MOS transistor; and 

15 a first conductive material formed within the first contact hole. 

3. A semiconductor device as set forth claim 2, wherein the first diffusion 
region is a source or a drain of said MOS ti-ansistor. 

20 4. A semiconductor device as set forth claim 2, further comprising; 

said laminated structure has a second contact hole defined therein, the 
second contact hole exposing the second diffusion region of said MOS transistor.; 
and 

a second conductive material formed within the second contact hole. 

25 

5. A semiconductor device as set forth claim 4, wherein the second 
diffusion region is a source or a drain of said MOS transistor. 
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6. A semiconductor device as set forth claim 5, wherein the first 
conductive material is a bit line and the second conductive material is an electrode 
of a capacitor. 

5 

7. A method of fabricating a semiconductor device comprising: 
forming a SOG layer over a MOS transistor formed on a semiconductor 
substrate; 

converting a surface portion of the SOG layer into to a dense layer which 
10 is denser than a bottom portion of the SOG layer; 

removing a first portion of the dense layer to expose a surface of the 
bottom portion of the SOG layer by a first etehing; 

removing a second portion which corresponds to the exposed surface of 
the bottom portion of the SOG layer to expose a difiusion region of the MOS 
15 transistor by a second etching; and 

forming a conductive material within a space in which the first and 
second portions are removed. 

8. A method of fabricating a semiconductor device as set forth claim 7, 
20 wherein said converting step comprises implanting ions into the surface portion of 

the SOG layer 

9. A method of fabricating a semiconductor device as set forth claim 7, 
wherein the first etehing is an anisotropic etehing and the second etehing is an 

25 isotropic etehing. 

10. A semiconductor device comprising: 
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a semiconductor substrate which has first and second regions formed on a 
major surface thereof; 

a first insulating layer which is formed over the first region; 

a dummy pattern which has a predetermined shape and which is formed 
5 on said first insulating layer; 

a first SOG layer which is formed on side sinfaces of said dummy pattern 
and the first insulating layer; 

a second SOG layer which is formed on a top surface of said dummy 
pattern and said first SOG layer, said second SOG layer being denser than said 
10 first SOG layer; and 

a second insulating layer which is formed on said second SOG layer, 

wherein said first and second insulating layers and said first and second 
SOG layers are exposed at a boundary between the first region and the second 
region. 

15 

11. A semiconductor device as set forth claim 10, wherein the second 
region is a grid line, 

12. A semiconductor device as set forth claim 10, farther comprising a 
20 fuse element which is formed over the second region. 

13. A semiconductor device comprising: 

a semiconductor substrate which has first and second regions formed on a 
major surface thereof, the second region surrounding the first region; 
25 a first insulating layer which is formed over the second region; 

a dummy pattern which has a fi^ame shape surrounding the first region 
and which is formed on said first insulating layer; 
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a first SOG layer which is formed on side surfaces of said dummy pattern 
and the first insulating layer; 

a second SOG layer which is formed on a top surface of said dummy 
pattern and said first SOG layer, said second SOG layer being denser than said 
5 first SOG layer; and 

a second insulating layer which is formed on said second SOG layer, 

wherein said first and second insulating layers and said first and second 
SOG layers are exposed at a boundary between the first region and the second 
region. 

10 

14. A semiconductor device as set forth claim 13, further comprising a 
fuse element which is formed over the first region. 


15 
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ABSTRACT 

A semiconductor device includes a semiconductor substrate which has a 
major surface and a MOS transistor which has a gate and first and second 
diffiision regions and which is formed on the major sm-face. The semiconductor 
device also includes a laminated structure of a SOG layer, whereia the laminated 
structure is composed of a base layer and a surface layer formed on the base la3?'er 
and is formed over the MOS transistor and wherein the stirface layer is denser 
than the base layer. 
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